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Drought and  

Wildland Fire: 

Searching for 

Practical 

Solutions 



It is well understood that the incidence and 

behavior of forest fire depends mainly on short-

term weather influences of no more than 

several days duration.  And yet, all through the 

history of fire danger rating in the United States 

and Canada, runs a persistent interest in the 

effects of weather over a much longer term, 

usually studied under the heading of “drought”. 

 

C.E. Van Wagner  

Drought, Timelag, and Fire Danger Rating -- 

Paper presented at the 8th National Conference 

on Fire & Forest Meteorology held at Detroit, 

Michigan, April 29-May 2, 1985 



Wildland 

fire and 

drought 

issues 

certainly 

follow this 

general 

pattern or 

cycle as 

well 

 
 

 



Backdrop to Comments 
 

• Thinking of boreal, subalpine, coastal and 

temperate forests which contain fuel types with 

substantial organic layers, including peat bogs 
 

• Directed at both environmental research 

scientists, including graduate students, 

operations personnel  
 

• Based on involvement in wildland fire since 

1971 (CAN, US, NZ, AUS) 
 

• A text version of this presentation to be posted 

on the FERIC Wildland Fire Operations Research 

Group website (http://fire.feric.ca) 



Background Information 



Structure of 

the Canadian 

Forest Fire 

Weather 

Index (FWI) 

System 

 





Probability of Sustained Smoldering Ignition as a 

Function of the Drought Code in Lower Feathermoss 

Layers (5-25 cm in depth)  

Many “rules of thumb” also exist (e.g., DC > 300)  



Flow chart of spring Drought Code (DC) starting 

value determination 

Fall DC value and date of last calculation  

Keep record of cumulative precipitation amount for the 

period between date of last DC calculation the previous 

fall and spring starting date of calculations. 

Select values for Carry-over Fraction of Fall Moisture 

and Precipitation Effectiveness Fraction. 

Determine spring DC starting value based on fall DC, 

Total Overwinter Precipitation (mm water equivalent)   





KBDI Interpretation Guidelines 



Palmer Drought Severity Index (PDSI) is linked to 

the U.S. Wildland Fire Assessment System 



Thought #1:   
 

A Primer on Drought and  

Wildland Fires is Needed 
 

-- i.e., a state-of-the knowledge  

summary describing the  

nature and characteristics of  

drought as it relates to  

wildland fire incidence 

and wildland fire control,  

including  

clarification of various  

misconceptions 



Popular Misconception 

 about Drought and Wildland Fire 

Prolonged drought is a prerequisite for a severe 
fire event and/or extreme fire behavior. 



Major Run of Lesser Slave 

Lake Fire (65 km in 10 hrs) 
 

           May 23, 1968 

Initial Spread Index (ISI) – 68 Buildup Index (BUI) - 69 

Fire Weather Index (FWI) - 86 

  Dry-bulb Temp – 21.1oC 

                       RH – 30% 

10-m Open Wind – 46 km/h 

Days Since Rain – 16  

Fine Fuel Moisture Code 

(FFMC) – 93 

Duff Moisture Code  

(DMC) – 53 

Drought Code (DC) - 245 



Drought can exacerbate the  

wildland fire situation in a  

number of ways.  For example: 
 

• Reduces surface water  

availability for fire suppression  

• Decreases water table levels thereby impacting 

upper forest floor moisture contents and what 

would be considered normal barriers to fire spread 

• Increases the probability of a fire occurring  

because of the sustained smouldering ignition 

potential in the ground or sub-surface fuels 

• Increases the difficulty of containment & mop-up 

or extinquishment due to fire’s persistence  

•  Large number of suppression resources tied up 

on mop-up and not available for initial attack 



Recognition that Some Fuel Types Need to 

Undergo Prolonged Drying in Before a Critical 

Threshold for Large Fire Growth is Possible 



We shouldn’t 

expect fire-related 

drought indices to 

necessarily 

correlate well with 

any measures of 

fire business. 

 

Fire Management Today – Spring 2004 

“In Georgia, the 

Keetch-Byram 

Drought Index alone 

is not a good 

indicator for fire 

activity.” 
      Chan et al. (2004) 



Peshtigo Fire  

Complex,  

Wisconsin 

October 8, 1871 

Keetch-Byram 

Drought Index: 300* 

*Haines et al. (1976) 

  USDA Forest Service Res. Pap. NC-131 
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Drought   Buildup  Fire Weather         Head Fire 

   Code       Index           Index         ROS        Intensity                                                                                             

   (DC)         (BUI)            (FWI)*     (m/min)       (kW/m) 

    100            40                 20           11.6             8906 

    200            53                 23           12.9          11 739 

    300            60                 25           13.4          13 089 

    400            64                 25           13.7          13 812 

    500            67                 26           13.9          14 332 

    600            68                 26           13.9          14 502 

    700            70                 27           14.0          14 835 

    800            71                 27           14.1          14 999 

Assume: Fine Fuel Moisture Code (FFMC) 89, Duff Moisture Code (DMC) 40, 10-m Open 

Wind 20 km/h, Level Terrain, and Boreal Spruce Stand in mid July. 

Canadian Forest Fire Danger Rating System: 

Analyses of Drought Effects on Fire Potential 

*Very High fire danger class in Alberta (FWI 19-29).  



Thought #2:   
 

Construct  

Simple Time  

Series of  

Monthly  

Precipitation  

Departures  

from Normal  

for Long-term  

Weather  

Stations 



Thought #3:   
 

Develop  

“Fire – Drought” 

Index Climatologies  

for  

Long-term  

Weather 

Stations 



Thought #4: 
 

Retrospective Look at Major 

Historical Events   
 



1945-46 Fire Season – New Zealand 



1947 Fire Season - Portland, Maine  



Peshtigo Fire  

Complex,  

Wisconsin 

October 8, 1871 

Palmer Drought Severity 

Index: -3.8 (Severe)* 

*Haines et al. (1976) 

  USDA Forest Service Res. Pap. NC-131 



Thought #5: 
 

Establish Network of  

“Fire-Drought” Monitoring Sites  

Vision: 

• Weather observations 

• Upland and lowland sites in 

close proximity to one 

another 

• Fuel moisture sampling and 

water level measurements 

(wells and natural conditions 

in wetlands and surface water 

bodies) 



Similar work in the 

Yukon Territory 

Precedents 



Such an initiative should be coordinated with NA-DM 



Thought #6: 
 

Examine the Suitability of Existing 

Long-term Drought Indices (or  

Construct a New One) for Gauging 

the Impacts of Multi-year Drought 

Episodes on   

Wildland  

Fire 

Suppression 

Activities 



Possible Candidates: 
 

• Percent of Normal Precipitation 

• Standardized Precipitation Index (McKee et 

al. 1993) 

• Palmer Drought Severity Index (Palmer 1965) 

• Surface Water Supply Index (Shafer & 

Dezman 1982) 

• Basic Drought Index (Van Wagner 1985) 

• Ichnusa Fire Index (Spano et al. 2003) 

Key Considerations: 
 

• Index scale and units 

• Simple to calculate 

• Meaningful interpretation 

• May require multiple indexes 



Thought #7: 
 

Future Case Study 

Documentation  

Must Have Better  

Measures of  

Ground  

or Sub-surface 

Fire Persistence  

and Mop-up  

Difficulty 



THE END – THANK YOU 

Any questions or comments? 

Now we’re talking drought! 


